ABSTRACT: Aspartic protease (EC 3.4.23) make up a widely distributed class of enzymes in animals, plants, microbes and, viruses. In animals these enzymes perform diverse functions, which range from digestion of food proteins to very specific regulatory roles. In contrast the information about the well-characterized aspartic proteases, very little is known about the corresponding enzyme in urine. A new aspartic protease isolated from human urine has been crystallized and X-ray diffraction data collected to 2.45A resolution using a synchrotron radiation source. Crystals belong to the space group P212~21. The cell parameters obtained were a=50.99, b=75.56 and c=89.90 .~,. Preliminary analysis revealed the presence of one molecule in the asymmetric unit. The structure was determined using the molecular replacement technique and is currently being refined using simulated annealing and conjugate gradient protocols.
(rhizopuspepsin) (6) , and Endothiaparasitica (endothiapepsin) (6) and probably certain enzymes involved in mammalian control processes, for example renin, which acts on angiotensinogen (7).
The acid proteases are characterized by the presence of two aspartic acid residues at the active site and most are inhibited by the microbial peptide analogue, pepstatin. They tend to cleave between hydrophobic amino acids but secondary interactions are important in the definition of their specificity (8) . Extensive sequence homologies have been observed among the enzymes belonging to this family. Tertiary structures have been determined by X-ray crystallography for three microbial aspartie proteases, namely penicillopepsin (9) , Endothia parasitica proteases (10) , Rhizopus chinensis proteases (11) , and the mammalian homologue, pig pepsin (12) . All have broadly similar structures and this, together with the sequence homologies, would appear to indicate that all members of the family are likely to have similar three-dimensional structures.
Therefore all should operate through a common catalytic mechanism for the hydrolysis of the substrates. However, substantial differences in substrate specificity, optimum pH and stability have been shown to exist among the various members of the family (13) .
This communication describes the crystallization, preliminary X-ray analysis and
Patterson search of an aspartic protease extracted from human urine. The investigation was made in order to gain further insight into the chemistry and functions of this protein.
MATERIAL AND METHODS

Purification and Crystallization:
The aspartic protease has been extracted from urine of healthy individuals using ion exchange chromatography (DEAE and Mono Q) and gel filtration (Superdex 10/75). It has a molecular weight of approximately 35 kDa, determined from sizeexclusion chromatography and electrophoresis gel (SDS-PAGE). This aspartic protease has a single chain, two domains and maximum proteolytic activity in acidic pH values, as observed for other members of this family.
Lyophilized urinary aspartic protease was dissolved in deionized water (15 nag m1-1) and centrifuged for 10 min at 18,000 rpm at 25~ The clear supernatant was mixed 1:1 (v/v) with the reservoir solution that contained the appropriate buffer and precipitant. Crystals of urinary aspartic protease have been obtained in several different crystallization conditions, using the hanging drop vapor diffusion and sparse matrix methods (14) . The best crystals were obtained after 1 week growth from drops in which 3 ~tl of enzyme solution was mixed with equal volume of 0.1 M Hepes buffer (pH 7.0) containing 2% polyethylene glycol 400 and 2.0 M ammonium sulfate. Crystal were mounted in capillary tubes of borosilicate glass for X-ray data collection.
X-ray data collection and processing: X-ray diffraction data were firstly collected from a single urinary aspartic protease crystal at room temperature using a R-AXIS IV imaging plate system and graphite monochromated Cu Ka X-rays radiation generated by a Rigaku RU300 rotating anode generator operated at 50kV and 100 mA at a crystal to detector distance of 150ram. 40 frames were collected using a oscillation range of 2.5 o. The exposure time per frame was 20 min. The X-ray diffraction data were processed to 2.8 A resolution and scaled using the program PROCESS (15) . A second X-ray diffraction data set were collect at a wavelength of 1.38/~ using the Synchrotron Radiation Source (Station PCr, Laborat6rio National de Luz Sincrotron, LNLS, Campinas, Brazil) and a 30 cm MAR imaging plate detector (MAR Research) with an exposure time of 3 rain per image at a crystal to detector distance of 175 mm. Using an oscillation range of 1.5 ~ 65 images were collected and the raw X-ray diffraction data were processed to 2.45 A resolution using the program DENZO (16) and scaled by the program SCALEPACK (16) . Auto indexing procedures, combined with analysis of the X-ray diffraction pattern and averaging of equivalent intensities was used in the characterization of the Laue symmetry.
Molecular replacement:
The X-ray data collected using synchrotron radiation were used in the molecular replacement. The crystal structure of the human urinary aspartie protease was determined by standard molecular replacement methods using the programs AMoRe (17) and X-PLOR (18) . The atomic coordinates of ten different aspartic proteases deposited in the PDB (Brookhaven Protein Data Bank) were used as search models. All solvent and ligant molecules were removed from the search models and the temperature factors for all atoms were set to 20.00 A 2. The search models which presented more than one subunit were modified, so that only one subunit was used in the molecular replacement. The atomic coordinates for all search models were translated so that their centre of gravity is at the origin, they were also rotated so that the principal axes of inertia of the search models are parallel to the orthogonal axes. The PDB accession numbers and identification of the search models are listed in Table 1 . Initially selfrotation functions based on data in the resolution range 10-4.5 /~, were calculated using a sampling step of 1 ~ using the program AMoRe (17) . Cross-rotation functions were calculated in the resolution range 10-4.5 A using a sampling step of 2.5 ~ for all 10 search models. These calculations were carried out with integration radius of 25 A. The rotation which generated the highest correlation coefficient (CC) was applied to the search models and used in the subsequent translation function computations, based on data in the same resolution range.
The best solutions for each search model were selected based on the magnitude of the Rfactor and correlation coefficient. The search model which generated the best solution were also used for the molecular replacement as implemented in the program X-PLOR (18), using the same resolution range and the same integration radius in order to confirm the solution obtained (17) . Translation function for enantiomorphic space groups (P222, P2~212 and P2220 has also been computated using the same resolution range and the best search model, in order to confirm the space group.
RESULTS AND DISCUSSION
The Figure 1 Table 2 . Detailed data collection statistics for the Synchrotron data are given in Table 3 .
Peak analysis of the self-rotation function did not reveal the presence of any significant local symmetry axis suggesting that a single subunit is contained in the asymmetric unit. This was in agreement with the estimated values of the crystal solvent content and Vm value (19) .
The results of the molecular replacement using the 10 different search models are listed in Translation functions for enantiomorphic space groups (P222, P2221, P2~212) has been computated using the coordinates of pepsin 3A as search model and the results are listed in Table   5 . The correlation coefficients after translation function computation for the 3 enantiomorphic space groups range from 26.4 to 38.0 % and the Rf~aors range from 46.4 to 51.1%, which strongly indicates that the correct space group is P2~2121.
The urinary aspartic protease is inhibited by the microbial peptide analogue, pepstatin. In order to obtain the structure of the binary complex between the urinary aspartic protease and bilobal, consisting of two predominantly 13-sheet lobes which, as observed in other aspartic protease, are related by pseudo 2-fold axis. Figure 2 presents the crystal packing for the partially refined structure of the urinary aspartic protease. Further refinement using the slow-cooling protocols will be performed using the program X-PLOR (18) . The refined model of the urinary aspartic protease will be used for detailed comparison with other proteins of this family.
